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INTRODUCTION

Since 1934 a number of clinical reports have described the occurrence of V

cardiac arrhythmias following head injury. 1,4, ~ In the first  systematic study of

this phenomenon , Hersch 4 reported that in a series of 164 patients admitted with

head inj ury, 31 percent exhibited some form of cardiac arrh ythmia. In a more V

recent study VanderArk t3 observed cardiac arrhythmias in 41 of 100 consecutive

patients with acute subdural hematoma , the majority of these cases resulting

from traumatic injury. The potential seriousness of these arrhythmias is re-

flected by the observation tha t greater than half of them were ventricular ar-

rhythmias ranging in severity from premature ventricular contractions to ven-

tricular tachycardia and ventricular fibrillation.

Experimental studies have also demonstrated cardiac arrhythmias follow-

ing head injuries in mice , 5 dogs , 2 and monkeys. 3’6 ’9 However , the variations

in species , anesthesia , site and force of impact , and physiological status of the

animals render the various results difficult to assess.

Thus both clinical and experimental stud ies have demonstrated cardiac ar-

rhythmias following head injury. Yet the significance of the cardiovascular

changes after head injury and the mechanisms responsible for them remain

poorly understood. The purpose of the present study was to explore systemat-

ically the cardiovascular changes resulting from head injury in the primate while

paying particular attention to such variables as site and force of impact , anes-

thesia and physiological status of the animals. A further goal of this study was

to determine the autonomic mechanisms responsible for the cardiovascular

changes observed.

METHODS

Twenty-four Macaca mulatta monkeys unselected as to sex and weighing

2. 5 to 4. 0 kg were used for these experiments. Anesthesia was induced by a

single intravenous injection of thiopental sodium (20 mg/kg) following which the

animals were intubated and ventilated with a gas mixture of nitrous oxide

3
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~5~l..75 pc’rcent~, oxygen (24 -50 percent ) and halothane (0.75-1.0 percent). The

femoral artery and vein were catheterized to record blood pressure and admin-
iste r drugs. Arterial blood gas measurements were made throughout the ex-
peri ment and ventilation was adjusted to maintain PCO2, P02 and pH within nor-

mal physiological ranges. The electrocardiogram (Lead II) and arterial blood

pressure were recorded continuously .
In preparation foi impact the animals were seated and restrained in a chair

mounted on an acceleration sled. Details of the acceleration and impacting de-
vice have been previously reported. 11, 12 Head movement was restricted by a
fin attached to the skull and a guide rail system which allowed free movement of

the head onl y in the impact plane. After completing all surgical procedures and

appro ximately 30 minutes before impact , halothane administration was discon-
tinued and anesthesia was maintained with nitrous oxide and oxygen. Small doses
of succinyleholine (1 .0 mg, iv) were given to prevent the possibility of head move-

ment prior to impact. The animals were accelerated along a 15-foot track in a
chai r drawn by the force of a falling 40-kg weight. The temporoparietal skull
area str uck a fixed impactor which had a circular impact area of 4. 9 cm 2. Force
of impact was measured by using a load cell mounted in series with the impactor.
Impact forces of 400 to 1000 lbs were recorded with impulse durations of 3 to
6 msec.

The animals were studied for approximately 30 minutes after impact during
which time anesthesia was maintained with nitrous oxide and oxygen. Blood gas V

measurements were made within the 1st minute after impact to insure that cardi o-
vascular changes were not the result of hypoxia. At the termination of the ex-
periments animals were euthanatized by admi ni stration of a lethal dose of
pentobarhital.

Animals were divi ded into four experimental groups. In the fi r st group
there was no pharmacological intervention prior to head injury. Animals in each
of the other three groups were pretreated with either atropine , propranolol , or
phentolamine .

4
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RESULTS

Cardiac a r rhythm ias  occurred immediately following temporoparietal im-

pact in each of 10 anim~.Is studied. Various arrhythmias occurred including
A -V nodal rhythm , A-\ ’ dissocia tion , and multifocal nodal and ventricular

rhythms. Records f rom two experiments are shown in Figures 1 and 2. in the

first example it can be seen that impact resulted in abrupt cessation of sinus
rhythm and emergence of a slow nodal rhythm. Sinus rhyth m returned within 75

seconds af ter impact . In the second example (Figure 2) nodal bradycardi a oc-

curred im mediatel y afte r impact , but by 90 seconds postimpact a multifocal
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Figure 1. The effect of temporoparietal impact on the arterial blood pressure
and electrocardiogram of a rhesus monkey (example 1)
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Fi gure 2. The effect of temporoparietal impact on the arterial blood pressure
and electrocardiogram of a rhesus monkey (example 2)

arrhythmia was evident . In thi s experiment sinus rhythm did not return until

2 minutes after impact.

The nodal bradycardi a seen immediately after impact was a consistent

fi nding in all animals. Heart rate decreased from an average of 188 ± 10 beats

per minute to 38 ± 8 beats per minute within 10 seconds after impact , and there-

after gradually increased (Figure 3 and Table 1). Mean arterial pressure de-

creased from an average of 110 ~ 10 mm Hg to 68 ± 12 mm Hg immediately after

impact , hut rose to slightly above preimpact values during the 1st minute after

impact (Figure 4 and Table 1). The arrhythmias persisted for an average of

6
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Figure 3. The effects of autonomic blocking agents on the changes
in heart rate induced by temporoparietal impact in the
rhesus monkey

Table 1. The Effects of Autonomic Blocking Agents on the Changes in Heart Rate
and Mean Arterial Blood Pressure Induced by Temporoparietal Impact
in the Rhesus Monkey. All values given are mean ± standard error.

a The number of animals in each group is indicated.

GROUP P R E I M P A C T  POSTIMPACT
(SECONDS) (SECONDS)

30 20 1.0 10 20 30 40 50 50 90 120

HR 193±9 182±15 188±10 38+8 43-’-9 56+6 68+10 96+19 98+1.8 125+16 1.39+16
CONTROL —

(n—1O) 33? 110±10 1.14+9 115+10 68±12 103+11 111+1.2 117+10 116±11 11.2±11 106+12 105±10

V 
HR 186+13 185+13 186±11 1.74+12 178~ 13 177+12 179+1.3 182±13 185+14 185+14 155+13

ATR OPINE
(n.5) lIP 100±15 100±15 102±16 104±11 1.19±11 115±14 109±13 1.08±14 1~6±14 

95±1.3 95±1’

~R 115±11 115+11 110÷9 63+31 68 .33 74+3 1 77+27 78+25 59±20 68+1.5 60±5
PROPRANOLOL —

(n~4) BP 1.03+9 104+9 1013+9 
~~~~ 

102+45 115+40 120±37 117±27 121-..26 114±18 1O5+1~

lET 240.-S 240-i-S 240-iS 91+19 105+21 158+26 198±25 205+25 210~ 22 225+9 22 5- .~7
PIIENTOLA2IINE
(n.5) IIMI 106±13 106±13 1c5±13 70±11 75±13 79±18 79±20 78~ 19 

~~~~ 
79±16 78±18
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Figure 4. The effects of autonomic blocking agents on the changes
in mean arterial blood pressure induced by temporo-
parietal impact in the rhesus mon key

2 minutes;  however , there was considerable variation in duration as can be

noted from the examples shown in Figures 1 and 2.

The abrupt decrease in heart rate following impact suggested that the

arrhythmias were mediated by the parasympathetic nervous system. To test

this hypothesis fi ve animals were subjected to impact after pretreatment with

atropine (0. 2 mg/kg) . Vagal blockade pr evented arrhythmias from occurring

after temporoparietal impact in each animal tested. Atropine administration

V did not alter the preimpact heart rates but prevented any siguificant change in

heart rate following impact (Figure 3 and Table 1). Atropine prevented the

decrease in mean arterial pressure immediatel y af ter impact but did not alter

the slight elevation occurring thereafter (Figure 4 and Table 1) .

To determine if the sympathetic nervous system was also involved in the

generation of these arrh ythmias , separate groups of animals were pretreated

with alpha- and beta-adrenergic blocking agents before impact . Administrat ion

of propranolol (1. 0 mg/kg) to four animals failed to prevent arrh ythmias f rom

occurring immediately after impact. Propranolol did not prevent a significant

decrease in heart rate immediately after impact but prevented the gradual

S
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reeo\e rv of hi -art rate  ~~- - n  in the cont rol group (F igure  3 and Table I ~~
. Impact—

induce (l changes in blood pressure af te r  propr ano lol W ( V I I V .  s i m i l a r  to the changes

seen in the  control  group (Figure 4 and Table I ~~.

In a group of five animals pretreated with phent olamine (2. 0 mg/kg ) ,  ar—

rhyth mia s  occurred af ter  impact in two animals  and failed to occur in three ani-

mals .  An imals  pretreatec i with ph ento lam ine had a s ignif icant ly  higher  base—line

heart  rate than control animals hut exhibi t ed the same degree of brad ycardia

fol lowing impact .  In each group heart rate decreased approx imately  15)) heats

per minute immediately after impact (Table 1) . The pat t ern of recovery of heart

rate was s imi lar  to that  seen in the control group (Figure 3). Phento lamine did

not prevent the decrease in mean arterial pressure immediatel y af ter  impact but

did prevent the subsequent elevation of blood pressure seen in the other three

groups (Figure 4 and Table 1) .

DISCUSSION

The results of this study indicate that cardiac arrhythmias consistently oc—

cur in the primate following temporoparietal impact , and that these arrh ythmias

are primari ly vaga l in origin. Arr h ythmias occurred in 10 out of 10 untreated

animals subjected to impact whereas in five animals pretreated with atrop ine ,

cardiac arrhythmias  did not occur.

Beta—adrener gi c blockade failed to prevent arrh ythmias from occurring

after temporoparietal impact. This result suggests that sympathetic influences

on the heart were not necessary for the generation of arrhythmias. Alpha-

adrenergi c blockade pre vented arrh ythmias from occurring in three animals

while it fai led to prevent arrhythmias in two animals.  Rather than implicating

an aipha-adrenergic mechanism in the etiology of impact-induced arrhythmias ,

we believe that arrhythmias failed to occur only because pre impact heart rates

were so markedl y elevated. Preimpact heart rates in the five animals treated

with phentolamine were 230 , 242 , 250 , 235 and 220. In the three animals with

heart rates above 240 , temporoparietal impact resulted in sinus bradycardi a but

9
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not en iergence of an A-V nodal pacemaker. In the two animals with preimpact

heart rates of 235 and 220 respectively impact resulted in bradycardia and emer-

gence of an A-V noda l rhythm.  Since the mean decrease in heart rate induced

by impact was the same in the control group as in the phento lamine treated group

(Tab le I ) ,  it appears that phentolamine did not decrease the parasympathetic

hype rac t iv i t y  induced by impact. h owever , in the case of animals with high ini-

t i a l  heart rates , the vagal hyperact ivi ty  induced by impact did not lower heart

rate to levels at which noda l pacemakers would become dominant.

Alpha- and heta-adrenergi c blockade did produce change s in recovery of

heart rate and blood pressure which indicated increased sympathetic activity

du r i n g  the recovery period . For example phentolamine prevented the elevation

of blood pressure dur ing the f i rs t  2 minutes after impact and propranolol pre—

vented the recovery of heart rate during this period (Figures 3 and 4). These

results ind icate  that in untreated animals subjected to temporoparietal impact ,

the recovery of heart rate and blood pressure was dependent on sympathetic acti-

vation. This also suggests that arrhythmias occurring after the initial nodal

bradycardia , such as those occurring 90 seconds after impact in Figure 2 , may

he the result of sympathetic activation. In the example shown in Figure 2 , it

appears that the arrh ythmia may be the result of simultaneous activation of the

parasympathetic and sympathetic nervous systems. Indicative of this is the ob-
- - servation that sinus 1.-ate at 90 seconds postinlpact was slower than the preimpact

heart rate hut was interrupted by several volleys of premature heats initiated by

faster nodal or ventricular pacemakers. It is known that simultaneous activation

of the sympathetic and parasympathetic nervous systems provide s a greater

arrh ythmogenic stimulus than activation of either autonomic division alone . 6

In summary our results indicate that the initial arrhythmias seen after

temporoparietal impact were solely vagal in origi n but that later arrhythmias

could have resulted from simultaneous sympathetic and parasympathetic

activation .

10
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Other investigators have also observed cardiac arrhythmias in monkeys

after head in ju ry .  Ommaya 9 f i rs t  noted arrhythmias and changes in blood pres-

sure in a series of 3’~ rhesus monkeys subjected to occipital impacts of graded

severity . Although only 50 percent of these animals developed arrhythmias ,

Qnlmaya made the observation that animals exhibi t ing electrocardiographic

changes invar iab l y died within 24 hours and that no animals died without devel-

oping cardiovascular changes immediately after impact.

Fernando et al. ~ studied the electrocardiographic change s in stump—tailed

monkeys SUblecte d to occipital impacts. Bradycarclia consistently occurred after

impact, hut loss of sinus rhythm occurred in only 5 of 13 animals. In a more

recent report McLaurin and Scott 7 described the results of a similar study in

which cardiovascular changes were observed in rhesus monkeys after a blow to

the temporal region. I3radycardia consistently occurred after impact , hut ar-

rhythmias occurred in only 5 of 11 animals.

The pr imary  difference between results of previous studies and our re-

suits is the incidence of arrh ythmias seen after head injury. In each of the pre-

vious studies arrhythmias were seen in fewer than 50 percent of the animals

subjected to head injury whereas in the present study arrh ythmias occurred in

all untreated animals subjected to temporoparietal impact. We believe these

differences are due pr imar i l y to differences in anesthetic techni que and di ffer-
- V ences in site and force of impact employed. Both Ommaya9 and Fernando et

al. ~ used barbiturate anesthesia although both authors indicated that animals

were only lightly anesthetized at the time of impact. However we have found that

even small amounts of pentobarbital can depress autonomic nerve activity and

prevent arrhythmias induced by electrical stimulation of the brain (Evans et al. ,

unpublished observations). McLaurin and Scott 7 used phencyclidine anesthesia ,

which has been reported to have long lasting central nervous system and cardio-

vascular effects , 10 but whether these effects could be responsible for the low

incidence of arrhythmias is unclear. In the present study monkeys were anes-

thetized onl y with nitrous oxide at the time of impact.

11 
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Another factor which may account for the differences in incidence of ar-

rhythmias is the force and site of impacts used to produce head in jury .  Onimaya 9

and Fernando et a!. ~ impacted the occipital area whereas we , as well as

McLaurin and Scott , 7 impacted the temporal area . Although we recorded a con-

siderable range of impact forces , arrhythmias consistentl y occurred even at the

lower impact levels. Since McLaurin and Scott 7 did not measure impact forces ,

it is not possible to determine whether this factor might  account for the lower

incidence of arrhythmias reported.

With regard to the clinical implications of the present study several points

can he considered. The fact that vagall y mediated arrhythmias consistently oc-

curred in the monkey suggests that similar arrhythmias may he a common occur-

— rence in cases of human head injury.  Although the arrhythmias seen i~ the pres—

ent study were transitory , one would expect the effects of intensive parasympa-

thetic or sympathetic activation to have more serious consequences in patients

with preexisting heart disease. Furthermore , in human head injury the cardio-

vascular effects of excessive autonomic hyperactivity may he complicated by hyp-

oxia resulting from CNS depression or airway obstruction associated with the in-

jury.  These considerations raise the possibility that in human bead injury the

cardiovascular events alone may be life —threatening. Thi s suggests the need for

ca refu l and continued evaluation of the cardiovascular status of the head injured

patient.

12
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